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The sample used in our experiments was grown by molecular beam epitaxy on a Si-doped ( 0 0 1 ) GaAs substrate in the following sequence: 0.3-um Si-doped ( n = 2~1 0 '~c m -~) GaAs buffer layer, 0.19-pm Al,,Ga,,As, thirty uncoupled GaAs wells with thickness L=264A (198-A-thick Al,,Ga,,As barriers), and 0.19pm AlO3Ga,,As clad layer; unless indicated, the layers are nominally undoped. A semitransparent Schottky contact was formed by evaporating Au to build a 150-8-thick film on top of the sample. Raman spectra were recorded in the z ( x f , x ' ) z and z(xf,y')2 backscattering configurations where z is normal to the layers and x', y' are along [llO] and [liO] directions. The laser energy was tuned to resonate with HH5. The estimated power density is P = 6-10 W C~-~. Figure 1 shows RS data of the QWS for different external d.c.
voltages Vext. The peak at 18.9meV (Vext=O) is due to c,+c, intersubband transitions of electrons. A calculation using the band-gap discontinuities determined by Miller et a1. 9 predicts c,+cl=18.4meV. In   1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . Since the shift and intensity must be even functions of the e?:E;:rc field, it follows that -0.2V is the built-in voltage of the structure.
The observation of the c,+c, transition indicates that the lowest subband in the sample is partially occupied. This is due to photoexcitationlo, as revealed by results on the P-dependence of the scattering (not shown). A crude estimate based on parameters from the literature' gives a steady-state electron concentration 0 -2 x l O~c m -~ (P=lOWcm-*).
In the range of fields studied (see below), the electron-hole recombination time does not vary enough3 as to explain the increase in intensity shown by c,+c, (which might be attributed to a larger steady-state population). At zero field, c,fct is strictly forbidden in RS because the states have different parities. This indicates that the scattering enhancement results from parity-mixing due to the field as in field-induced absorption by forbidden excitons.'
